abstract OBJECTIVE: Report long-term outcomes of the NOURISH randomized controlled trial (RCT), which evaluated a universal intervention commencing in infancy to provide anticipatory guidance to first-time mothers on "protective" complementary feeding practices that were hypothesized to reduce childhood obesity risk.
WHAT'S KNOWN ON THIS SUBJECT: "Protective" complementary feeding practices that promote self-regulation of intake and development of healthy food preferences have been positively associated with healthy child eating patterns and growth. There are few high-quality trials evaluating feeding practice interventions; none has reported long-term outcomes.
WHAT THIS STUDY ADDS:
This large randomized controlled trial demonstrates that anticipatory guidance on the "how" of complementary feeding resulted in more protective feeding practices. These intervention effects were sustained for 3 years and translated into commensurate trends in obesity risk. The early life environment has a profound life-course effect on social, cognitive, behavioral, and health outcomes, including obesity. 1, 2 In the fetal and early life periods, interactions between biology and environmental exposures produce epigenetic effects that influence the risk of childhood obesity. 3, 4 Hence, early life interventions, when both behavior and biology are "plastic," have potential both to ameliorate epigenetic effects and increase resilience to the behavioral and metabolic challenges posed by an obesogenic environment. 1 Early feeding practices likely compound increased obesity risk conferred by genetic predisposition and prenatal factors such as excess gestational weight gain. 4 The way that infants are fed ("feeding practices") programs taste preferences and appetite regulation and lays the foundation for lifelong eating patterns. [5] [6] [7] The many protective effects of breastfeeding, including healthy growth patterns, are clear. [8] [9] [10] The impact of the process of complementary feeding that enables transition from milk feeding to adult eating patterns has received less attention. "Protective" complementary feeding practices that promote selfregulation of intake and development of healthy food preferences have been positively associated with healthy child eating patterns and growth. [11] [12] [13] [14] [15] Selfregulation of intake is supported by responsive feeding that recognizes and responds appropriately to infant cues of hunger and satiety, trusting the child's appetite. 15, 16 The corollary, nonresponsive feeding, is characterized by excess maternal control that overrides these cues through pressure, restriction or reward, and/or emotional feeding (use of food to distract, calm, or comfort), which teaches the child to eat for reasons unrelated to appetite. 5, 15, 17, 18 Healthy food preferences are developed by exposing infants to a wide variety of textures and healthy foods while also limiting exposure to sweet, salty, and fatty foods. [19] [20] [21] [22] These protective maternal feeding practices are potentially modifiable targets for early obesity prevention interventions. We report on the long-term outcomes (at ages 3.5 and 5 years) of 1 of few randomized controlled trials (RCTs) to have evaluated obesity prevention interventions targeting complementary feeding practices. [23] [24] [25] The NOURISH RCT evaluated anticipatory guidance on protective early feeding practices to first-time mothers of healthy term infants. 26 We have reported promising short-term, cross-sectional intervention effects on maternal feeding practices and child eating behaviors, food preferences, and BMI Z-scores assessed at 14 months and 2 years of age. [27] [28] [29] Longer-term follow-up is required to determine whether these effects are sustained into the preschool years as children become more autonomous in their food choices and encounter a widening range of food and eating environments. Our aim is to provide longitudinal analysis of intervention effects on maternal feeding practices and child anthropometric indicators of obesity risk across 4 outcome assessment points (14 months and 2, 3.5, and 5 years of age). We predicted that compared with participants allocated to the control group, mothers in the intervention group would demonstrate more protective feeding practices and their infants would have lower BMI Z-scores. 2008-2009. 26,30 A consecutive sample of first-time mothers (aged $18 years) with healthy term infants (.35 weeks' gestation, $2500 g birth weight) and who could read and speak English was approached on the postnatal wards at 7 maternity hospitals in 2 Australian cities, Brisbane and Adelaide. Mothers who consented to later contact provided demographic data. They were recontacted when their infant was on average 4 months old, at which time those consenting to full enrollment completed baseline assessment and were subsequently independently randomized to intervention or control conditions. At this time, the Kessler Psychological Distress Scale, 31 a 10-item self-assessment widely used in population surveys in Australia to screen for risk of psychiatric morbidity, was administered. Mothers in the clinical range were deemed ineligible and referred to their general practitioner. These exclusion criteria aimed to identify "at-risk" mothers for whom a universal group program focused on feeding was potentially inappropriate and might contribute further to maternal stress. The trial was approved by Human Research Ethics Committees (N = 11) covering Queensland University of Technology, Flinders University, and all the recruitment hospitals.
METHODS

Recruitment occurred in
Intervention
The intervention 28,29 comprised 2 modules commencing when the children were aged 4 to 7 and 13 to 16 months. Each module involved 6 group sessions (40 groups across both modules and sites) of 1-to 2-hour duration, conducted over 12 weeks. Sessions were delivered at child health clinics by a dietitian (n = 13) and a psychologist (n = 13) who had received standardized training and used comprehensive standardized facilitator materials.
Content focused on healthy eating patterns and growth, rather than obesity prevention. Three aspects of feeding previously associated with healthy child eating behavior and weight status were targeted: (1) increased exposure to healthy foods and decreased exposure to unhealthy foods to promote the development of healthy food preferences, [19] [20] [21] [22] 32 (2) responsive feeding that recognizes and responds appropriately to infant cues of hunger and satiety to promote self-regulation of intake, 15, 16, 18 and (3) positive parenting (warmth, encouragement of autonomy, and selfefficacy). [33] [34] [35] We used an anticipatory guidance framework to provide parents with information about behaviors to expect and constructive ways to manage these, rather than parents seeking advice on established problems. 36 The control group had self-directed access to universal community child health services, potentially child weighing, and information via the Internet or telephone help line. No data were collected on the frequency with which mothers accessed standard care.
Outcome Measures
Outcomes were assessed at 5 points (see Fig 1) : Time 1 (T1), baseline child age 4 months; Time 2 (T2), child age 14 months and 6 months after completion of Module 1; Time 3 (T3), child age 2 years and 6 months after completion of Module 2; Time 4 (T4), child age 3.5 years; Time 5 (T5), child age 5 years. Times 4 and 5 represent follow-up 2 and 3.5 years, respectively, after intervention completion.
Anthropometry
Trained research staff, independent of intervention delivery and blinded to participant group, recorded anthropometric measures using standard equipment and protocols. Measurements at T1 through T3 were primarily conducted at child health clinics, whereas most T4 and T5 measurements were undertaken in the participants' homes. At T4 and T5 participants were provided with an AUD25 retail voucher at completion of the anthropometric measurements.
Child weight was measured naked (T1-T3) or in light undergarments (T4-T5). Duplicate child recumbent length (T1-T2) or standing height (T3-T5) and waist circumference (T3-T5) and single maternal height and weight (T1-T5) were taken. Standardized (Z-scores) weight-for-age (WAZ), length/height for age (HAZ), and BMI-for-age (BMIZ) were calculated by using the World Health Organization Anthro version 3.0.1 and macros program. As recommended, 0.7 cm was added to the T3 standing height of children ,2 years to correct for use of recumbent length in the reference sample. 37 For children .5 years at T5 the World Health Organization AnthroPlus version 1.0.4 was used to calculate Z-scores. Waist circumference Z-score (T5 only) was calculated by using LMSgrowth Microsoft Excel add-in 38 using British 1990 growth reference data. 39 Classification as overweight (including obese) at T5 used International Obesity Task Force gender-specific 5-year-old BMI (kg/m 2 ) cutoffs. 40 
Feeding Practices
At T3-T5 maternal feeding practices were assessed by using 9 scales from self-report measures validated for mothers of children aged $2 years. Five scales from the Child Feeding Questionnaire 41 were administered: perceived responsibility; concern about child weight; restriction; pressure to eat; and monitoring. Four scales from the Parental Feeding Style Questionnaire (PFSQ) 42 were used: instrumental feeding; encouragement; emotional feeding; and control over eating. Items were scored 1 through 5, with higher means scores indicating a higher frequency of the feeding practice. All scales showed good internal consistency across T3 through T5 (Cronbach's a . .70). At T5, mothers also responded to 12 single items derived from the clinical experience of the investigators. They were used in the observational needs assessment study that informed the intervention design and assessed the use of practical feeding strategies targeted in the intervention. 17, 27, 28 These assessed how mothers responded to child refusal of familiar foods (6 nonresponsive; 2 responsive strategies) or unfamiliar foods (4 nonresponsive strategies).
Covariates
Covariate data were collected by using self-completed questionnaires 43 
Statistical Analysis
Sample size and retention at each follow-up are provided in Fig 1. An intention-to-treat approach was used as far as missing data permitted. No imputations for missing data were made. Analysis of longitudinal data using linear mixed models does not require complete data but rather uses all available data irrespective of missing values across time points. There was no evidence of differences by group (intervention vs control) at baseline (Table 1) . To assess retention bias at T5, baseline characteristics between mothers retained/not retained were compared by using likelihood ratio x 2 tests and independent samples t tests for dichotomous and continuous variables, respectively.
Linear mixed models using first-order autoregressive structure with Group, Time (as repeated factor), and their interaction were used to analyze anthropometric data (BMIZ, WAZ, and HAZ T2-T5, adjusting for T1
[baseline] value) and the 9 feeding practices scales (T3-T5). Likelihood ratio x 2 tests were used to assess proportion of children overweight at T5 and mothers' use of the 12 singleitem feeding strategies reported at T5. Longitudinal waist circumference Z-score data were not available, and an independent samples t test was used to compare groups at T5. Because there was no evidence of group differences (intervention vs control) at baseline, adjustment for covariates (excluding anthropometrics) was not undertaken. Statistical tests were computed by using SPSS Version 21. A P value of .05 (2-tailed) was the criterion for statistical significance.
RESULTS
Participant Characteristics
Flow of participants through the trial is shown in Fig 1. Characteristics of 698 mothers and children by group allocation are shown in Table 1 . Mothers who declined participation at second contact were younger (M = 28.0, SD = 5.5 vs M = 30.1, SD = 5.3 years), less likely to have a university degree (36% vs 58%), less likely to live in a relationship (married/de facto, 90% vs 95%), and more likely to smoke during pregnancy (21% vs 12%). No baseline differences according to group allocation were observed. Mean (SD) child age at follow-up assessments was as follows: (T2) 13.7 (1.3), range 11 to 17 months (51% female); (T3) 24.1 (0.7), range 21 to 27 months (51% female); (T4) 44.5 (3.1), range 40 to 50 months (52% female), and (T5) 60.0 (0.5), range 58 to 65 months (52% female). Attendance at $2 sessions for module 1 was n = 229 (65%) and module 2 was n = 130 (45% of those retained at module commencement).
Retention (mothers providing any data) at T5 was 61% (control: n = 211, intervention: n = 213). Compared with mothers not retained at T5, those retained were slightly older (M = 30.8, SD = 5.2 vs M = 29.0, SD = 5.3, P , .001), and a greater proportion were in a relationship (married/defacto, 97% vs 92%, P = .01), held a university education (68% vs 42%, P , .001), scored $7 on the SEIFA index (higher scores indicating relative advantage) (70% vs 62%, P = .03) and reported that they did not smoke during pregnancy (90% vs 84%, P = .02). There were no differences between those retained or not retained at T5 for group allocation, country of birth, or maternal BMI, Ps . .05.
Anthropometry
As shown in Table 2 there was no statistically significant effect of group from T2 to T5 (adjusting for T1 value) on BMIZ (see also Fig 2) , WAZ, HAZ, Ps . .05. Time was significant in each model (Ps , .001), but there were no significant Time 3 Group interactions (Ps . .30). To assess the potential influence of missing data, BMIZ at T1 was compared for those providing or not providing data at T5 with no differences observed (P = .54). Using gender-specific international BMI cutoffs, 40 11 .4% (n = 24 of 211) of intervention versus 13.3% (n = 28/ 211) of control children were classified as overweight at T5, P = .66. Waist circumference Z-score at T5 (control: M = 0.72, SD = 1.01 vs M = 0.67, SD = 0.67) did not differ between groups (P = .62).
Feeding Practices
Feeding practices scores from T3 to T5 are shown in Tables 3 and 4 . Significant group effects (P , .05) were seen for 6 of 9 scales, with intervention mothers reporting less nonresponsive feeding. Use of specified feeding strategies at T5 are shown in Table 5 . Significant group effects (P , .05) were seen for 7 of 12 strategies. In response to children's refusal of food they normally eat, mothers in the intervention group used fewer nonresponsive strategies (3 of 6 items) and more responsive strategies (2 of 2 items). In response to child refusal of unfamiliar foods (neophobia), mothers in the intervention group were less likely to disguise the food and more likely to continue to reoffer new foods (2 of 4 items).
DISCUSSION
This is the first report of a long-term follow-up of an RCT evaluating an obesity prevention intervention that targeted feeding practices and started in the first year of life. Mothers allocated to the intervention consistently reported using more protective feeding practices than those receiving usual care. Despite the relative improvements in feeding practices, there were no overall statistically significant intervention (group) effects on anthropometric indicators of obesity risk. However, at all follow-up assessments (T3-T5) the BMI Z-scores of intervention children were 16% to 17% lower than control children, with the overall group effect approaching significance (P = .060). The prevalence of overweight/obesity was also not significantly different between groups (control 13.3% vs intervention 11.4%, P = .66). However, this difference translated to a population level would represent a meaningful public health effect.
Nonresponsive feeding practices override the child's hunger and satiety cues and undermine their intrinsic capacity to self-regulate. In healthy children, satiety is typically signaled by refusal of familiar foods. 15, 17 Nonresponsive feeding practices include excess overt control in feeding (eg, restriction and pressure to eat), explicit encouragement, praise, coercion, coaxing, and the use of rewards for eating. 15, 16, 18 In addition, emotional feeding (using food to comfort, calm, or distract) and use of food rewards to shape behavior teach the child to eat for reasons unrelated to appetite. 5, 14, 15, 17 The intervention mothers reported less frequent use of nonresponsive feeding practices on 6 of 9 scales compared with controls. Furthermore, at T5, the proportion of control mothers using inappropriate responses to food refusal was 1.2 to 1.8 times higher for 7 of 12 specified strategies than intervention mothers. Consistent with our previous findings, 27,28 intervention mothers remained more likely up to 3.5 years after completion of the intervention (child age 5 years) to be using protective feeding practices that have been positively associated with better dietary quality and healthy child eating behaviors and weight status. 13, 14, 44 It is important to note that, notwithstanding these strong and consistent intervention effects, half to two-thirds of mothers in both groups reported using counterproductive feeding strategies. Furthermore, the use of coercive strategies in response to general food refusal between T3 28 and T5 had roughly almost doubled. These data suggest that mothers need additional age-appropriate support to promote use of protective feeding practices across the preschool years.
Despite a consistent and sustained intervention effect on feeding practices, there was no statistically significant effect on BMIZ. However, group differences were in the expected direction at each point (P = .06), and there is potential for type II error. A 2010 systematic review 24 of interventions aimed at preventing overweight in children ,2 years identified 10 studies (3 RCTs). Only 2 of the RCTs (both rated fair quality) 45, 46 evaluated impact of an intervention commencing at ,9 months of age on weight status and neither showed any significant intervention effects. One study of 101 exclusively formula-fed infants reported no effect of a single education session (child aged 3-10 weeks) on weight gain (grams per week) from 0 to 4 months. 45 The
FIGURE 2
Longitudinal analysis of child BMI Z-score ages 14 months and 2, 3.7, and 5 years. Linear mixed model (n = 587) using autoregressive structure includes data collected at Time 2 through 5 and adjusts for child BMI Z at baseline (Time 1: 4 months): Group effect P = .060; Time P , .001; Group 3 Time P = .57. other study, 46 although large (n = 1062), targeted dietary fat and cholesterol intake and atherosclerosis risk factor outcomes, rather than obesity prevention.
Since the Ciampa review, 24 only 3 [47] [48] [49] RCTs have reported weight status after an obesity prevention intervention commencing in infancy. All targeted first-time mothers. Paul et al 49 reported a significant effect on weight-for-length percentiles at 12 months of age (33rd vs 50th, retention 69%; n = 22 vs 30) of an intervention comprising 3 nurse home visits targeting soothing strategies and process of solid introduction. Two other large Australian trials 47, 48 have reported outcomes at ∼2 years of age. The Healthy Beginnings Trial 48 evaluated 6 nurse home visits during the first 2 years of life. They reported a small but statistically significant difference in BMI (2.3%; retention 75%; n = 497) but did not report or control for birth weight or baseline BMI. In contrast, the Infant Feeding Activity and Nutrition Trial (INFANT) cluster RCT 47 evaluated an intervention delivered by researchers to preexisting mothers' groups and reported no effect on BMIZ after adjusting for baseline values (mean difference 0.02 BMIZ units; retention 86%; n = 542). None of these trials have reported comparable feeding practices data, and to date, none have reported outcomes beyond 2 years of age. n values given where n , 392 due to missing data. Dichotomous variables based on likelihood ratio x 2 test; % within group (n) reported. a Response options: 1 = never to 5 = most of the time, dichotomized to (1,2 vs) 3,4,5 and % reported. b Response options: 1 = never to 4 = often, dichotomized to (1,2 vs.) 3,4 and % reported.
NOURISH, like the 2 other Australian trials, 47, 48 was a universal intervention offered to first-time mothers, irrespective of maternal or child obesity status/risk. However, infants exposed to the established prenatal and postnatal obesity risk factors may be particularly vulnerable to the obesogenic environment and thus may be more responsive to early prevention interventions. 50 Established risk factors such as parent weight status, maternal nutrition, excess gestational weight gain, formula feeding, and rapid early weight gain may induce epigenetic processes that in turn increase susceptibility to obesity. 1, 3, 4 Emerging evidences suggest other heritable infant factors may also confer increased obesity risk. A recent twin study 51 has shown that exclusively breastfed infants at 3 months of age, identified by their mothers as having a big appetite (higher food responsiveness and lower satiety responsiveness), gained more weight from 0 to 15 months, with weight trajectory differences apparent as early as 3 months. Temperament phenotypes may also influence feeding practices, eating behavior, and weight status. [52] [53] [54] The complex genetic, biological, and behavioral interactions between these maternal and child risk factors may be further moderated by other exposures such as age of complementary feeding, early food exposure, and responsive feeding practices. 1, 4 In the context of this emerging evidence, it is possible that the protective feeding practices used more often by our intervention mothers only translate to measurable outcomes in child weight status when variability in genetic or phenotypic vulnerability is considered. Interventions to modify early feeding environments may show greatest effect if targeted to families presenting with existing obesity risk factors. 50 The strengths and limitations of the NOURISH RCT have been discussed elsewhere. [27] [28] [29] Strengths include a Consolidated Standards of Reporting Trials-standard RCT, a large sample size, and single-blind independent assessors. Limitations include self-report feeding practices data and lack of a true attention control, whereby both the groups had matched exposure to both a peer group and health professional. The NOURISH RCT, in common with most trials, shows evidence of selection and retention biases. These do not affect internal validity but potentially limit generalizability. The bias toward older, more educated mothers and hence families with lower obesity risk, may have attenuated intervention response. The prevalence of overweight in the control children at 5 years of age was well below population prevalence (13% vs 24%), 55 confirming that overall, the level of obesity risk was comparatively lower in the study sample. There was also a disappointing level of attendance at Module 2 (only 45% of those retained at Time 2 attended $2 sessions). This may have further tempered intervention response and suggests the need to reconsider how to optimally deliver anticipatory guidance to mothers of toddlers, many of whom have returned to paid employment.
CONCLUSIONS
Our findings indicate that anticipatory guidance was effective in promoting protective maternal feeding practices with intervention effects maintained .3 years after intervention completion. These sustained effects translated into commensurate trends in obesity risk but not statistically significant differences. NOURISH was a universal intervention, and it may be that interventions targeted to infants with greater susceptibility to epigenetic effects and subsequent obesity may be more effective. The increasing prevalence of nonresponsive feeding strategies with age in both groups suggests that additional guidance regarding protective feeding practices is required beyond toddlerhood. Overall, the results suggest that investing in early advice on the "how" of responsive complementary feeding can improve maternal feeding practices and may have positive effects on obesity risk up to 5 years of age.
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